Interference patterns are generated when light from a point source passes through two parallel slits. Electrons emitted from diatomic molecules produce analogous patterns, but these couldn't be observed directly -until now.
U W E B E C K E R

W riting in the Proceedings of the National Academy of Sciences,
Canton et al. 1 report the direct observation of interference patterns in the spectra of electrons produced when diatomic molecules are irradiated with ultraviolet light. The patterns provide the first unambiguous proof that such molecules can behave as twocentre emitters of electron waves.
The question of whether light consists of particles or waves has been debated for centuries. Although Christiaan Huygens proposed in 1678 that light consists of waves, the photon was generally considered to be a particle until Thomas Young reported his classic double-slit experiment in 1803. Young illuminated a panel containing two parallel slits with a point source of light, and observed that the light passing through the slits formed an interference pattern -a series of light and dark bands -on a screen behind the panel. This unambiguously proved the wave character of light. Imagine the confusion, then, when Arthur Compton also unambiguously proved the particulate nature of light in 1923, in studies of the scattering of high-energy photons.
Young's and Compton's contradictory results were explained by light's particle-wave duality. This duality is at the heart of quantum mechanics, and is one of the prominent conceptual deviations of the field from classical physics. In fact, particle-wave duality is not limited to photons -it is a basic property of all quantum objects, including matter, as shown in 1961 by double-slit experiments involving electrons 2 rather than photons.
In these experiments, an interference pattern analogous to that produced by light was observed, proving that electrons have wave properties. Since then, double-slit experiments have shown the wave character of increasingly larger quantum objects, including fullerenes 3 (buckyballs) and huge organic molecules 4 . Experiments to extend double-slit diffraction to truly macroscopic structures, including living organisms, are under way.
The basis of all double-slit experiments is the Heisenberg uncertainty principle, which constrains the precision with which the position and momentum of quantum objects can be measured. To obtain interference patterns, the momentum must be so precisely defined that the position of the quantum object is delocalized by more than the slit width; under these circumstances, the quantum objects are said to be coherent. If this delocalization is lost, decoherence occurs and the interference pattern disappears. Whether it is possible to determine through which slit an object passes without losing interference patterns is a longstanding question that continues to be the subject of research and controversy 5 . In addition to uncertainty-based coherence, another mechanism can give rise to the same kind of phenomenon: coherent superposition of quantum objects emitted from spatially separated positions, often referred to as 'the molecular double-slit' (Fig. 1 ). An example of this occurs when homonuclear diatomic molecules, such as nitrogen (N 2 ), emit electrons in response to irradiation with light 6 (a process known as photoelectron emission). Electrons can be emitted coherently from both of the atoms in these molecules in such a way that the fetal heart muscle and the coronary vessels that will service the heart, and generates cells that can migrate into the muscle wall (Fig. 1a) . The latter are closely akin to stem cells, and give rise to the smooth-muscle cells and fibroblasts that surround the coronary vessels; they are also present in the muscle walls.
From studies in mice, it has been postulated 5, 6 that epicardium-derived cells also have the capacity to form cardiac muscle cells during development. However, this ability has not been confirmed, because the techniques used to track the fate of epicardial cells during development were not robust enough to provide unambiguous results 7 . Intriguingly, there has also been evidence 8, 9 that, after injury, the adult epicardium displays properties reminiscent of the embryonic epicardium, including growth, differentiation of smooth-muscle and fibroblast cells, and secretion of factors that stimulate blood-vessel formation, thereby improving heart function.
Smart et al. 4 describe a clever approach to identifying and studying the role of epicardial cells in mice. The authors find that when a heart attack (myocardial infarction) is induced, the epicardium of the adult heart reactivates the expression of certain embryonic genes, including Wt1. They use genetically engineered mice in which cells that express Wt1 are fluorescent, allowing the cells to be identified and isolated.
Previous work 8 has shown that a peptide called thymosin β4 stimulates the epicardium and induces the formation of coronary vessels. Smart et al. report that Wt1 activation is indeed much stronger in mice that receive thymosin β4 before the infarction. In fact, they find that stimulation with thymosin β4 is instrumental in the differentiation of Wt1-expressing cells into cardiac muscle cells in the injured heart. The new muscle cells are fully functional and become readily integrated into resident muscle tissue. Moreover, pretreatment with thymosin β4 results in better recovery of heart function after infarction, although the extent to which this can be attributed to the newly formed muscle is unclear.
Previous misinterpretation of data and failure to establish cell-lineage relationships unequivocally have made researchers in the field of cardiovascular biology somewhat sceptical of claims that stem cells or progenitor cells form heart muscle cells. Bearing this in mind, Smart et al. show through a series of experiments that Wt1 fluorescence is selectively activated in the epicardium and in cells derived from it, but not, for instance, in existing muscle cells. Furthermore, they establish a lineage relationship between these precursor cells and the newly formed muscle cells. Although the authors have not identified the precise origin of the Wt1-fluorescent cells in the adult heart, they show evidence that the cells represent epicardium-derived progenitor cells (Fig. 1b) .
Future efforts will undoubtedly focus on Although HIV-1 does not synthesize Vpx, its close relatives do. These include HIV-2 and some of its related simian immunodeficiency viruses (SIVs). Vpx delivery to dendritic cells, and to monocytes and macrophages, makes the cells more susceptible to infection by HIV and other retroviruses. Specifically, previous work 3, 4 has shown that in dendritic cells in which viruses cannot normally replicate (restrictive cells), Vpx overcomes the host's antiviral mechanism by associating with a protein-degradation complex consisting of the proteins CUL4, DDB1 and DCAF1 (Fig. 1a) . In the absence of Vpx, viruses have coherent. Canton and colleagues' unusual observation of Cohen-Fano oscillations in CO can thus be explained by coherent valence photoionization. These findings reveal that delocalized orbitals can function as a source of two-centre interference, analogous to a Young's double-slit experiment in which the two slits have different widths. 
, generating electron waves in a process known as photoelectron emission. The waves are emitted from either one of the two atoms in the molecule, and can be either in phase or exactly out of phase with each other. An electron-wave interference pattern is therefore generated, which could, in principle, be observed with a suitable detector. However, the interference patterns are masked by other effects and have not been directly detected. Canton et al. 1 have studied the photoelectron spectra of diatomic molecules using a technique that accounts for the vibrations of the molecules, an approach that allowed them to observe the interference patterns directly. (Figure  adapted Two-centre interference has also been observed in high-harmonic generation 10,11 -a phenomenon in which molecules exposed to intense laser fields emit low-energy X-rays. Furthermore, fullerenes may be regarded as three-dimensional molecular double-slits [12] [13] [14] , exhibiting photoemission behaviour similar to that of one-dimensional diatomic molecules. Taking all of this together, coherent two-centre emission is emerging as an exciting subject of research with many unexpected results still to be revealed, and great potential for future applications such as quantum computing. ■ the electron waves are either in phase or out of phase. These systems should therefore exhibit interference behaviour equivalent to that seen in regular double-slit experiments, an analogy first recognized 7 by Howard Cohen and Ugo Fano in 1966. They proposed a wavefunction to describe coherent emission from both atomic sites, and which predicted oscillating partial cross-sections of photoelectron emission (the cross-section is a measure of the probability that photoelectric emission will occur).
Uwe Becker is in the
When Cohen and Fano published their findings, little evidence existed for the predicted interference oscillations -although their paper did include two graphs that plotted experimentally obtained cross-sections against the energy of incident radiation for the valence photo ionization of N 2 and O 2 (valence photo ionization is photoelectron emission of an atom's outermost electrons). The graphs revealed obvious oscillations, which Cohen and Fano interpreted as the first hint of their predicted effect. It took another 35 years before two-centre interference was unambiguously proven 8 for H 2 , and longer still to find evidence 6 of it for N 2 . But these reports 6, 8 established the effect for the photoionization of core electrons in homonuclear diatomic molecules, rather than of valence electrons, as Cohen and Fano had reported. Furthermore, they involved techniques that did not allow direct observation of the interferences, necessitating a calibration of the data that introduced uncertainty into the results. Two challenges therefore remained: finding a way to directly observe interference oscillations, and obtaining proof that valence photoionization could produce interference behaviour.
Canton et al. 1 have achieved both of these aims. By obtaining 'vibrationally resolved' photoionization spectra of diatomic molecules, they eliminated the calibration uncertainties that plagued the earlier core-ionization experiments. Furthermore, their approach allowed them to investigate valence photoionization for N 2 and H 2 . The data for H 2 are especially useful, because this molecule is the benchmark system modelled in most theoretical studies of photoionization.
The most unexpected result of Canton and colleagues' study is their observation of Cohen-Fano oscillations for heteronuclear diatomic molecules such as carbon monoxide (CO). In these molecules, the innermost electrons are almost completely localized at either of the two atoms, so that Cohen-Fano oscillations cannot occur. Instead, scattering of the ejected electron by the other atomic site gives rise to a different kind of oscillation, the frequency of which is twice that of the Cohen-Fano oscillation 9 . But the valence orbitals of CO are naturally delocalized; if this delocalization is sufficiently large to cover both atoms in the molecule, then the emission of electrons could become
